be converted to degrees 'C = 5/9 (°F -32) Sea level; In this report "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929 a geodetic datum derived from a general adjustment of the first-order level nets of both the United States and Canada, formerly called "Mean Sea Level of 1929." Ground-water recharge occurs along the basin margins. Ground water flows from the basin margins toward the basin axis and then southward. Ground-water discharge occurs as evapotranspiration in the Rio Grande valley, pumpage, and ground-water flow to the Socorro basin, the alluvial basin to the south.
A map delineating land use was prepared for the entire basin.
A more detailed land-use map was prepared for the Rio Grande valley near Albuquerque.
Open-space land use, which primarily is used for grazing livestock, occupies the majority of the basin.
In the Rio Grande valley, agricultural and residential land uses are predominant; in the area near Albuquerque, the land also is used for commercial, institutional, and industrial purposes.
The Albuquerque-Belen basin was divided into seven zones on the basis of water chemistry.
These water-chemistry zones indicate that large variations in water chemistry exist in the basin as the result of natural processes.
Ground water in the majority of the Albuquerque-Belen basin has a relatively low susceptibility to contamination because the depth to water is greater than 100 feet and there is virtually no natural mechanism for recharge to the ground-water system.
Ground water in the Rio Grande valley has a relatively high susceptibility to contamination because the depth to water generally is less than 30 feet and there are many types of recharge to the ground-water system.
On the basis of possible contaminants associated with types of land use, the basin was divided into areas with low or high susceptibility to contamination resulting from human activities.
Ground water in the majority of the basin (open-space land use) has a relatively low susceptibility to contamination.
Ground water in the Rio Grande valley has a relatively high susceptibility to contamination.
Changes in land use may cause changes in the chemical composition of recharge to the ground-water system. Dissolved-iron concentrations in the Rio Grande valley near Albuquerque are greater than dissolved-iron concentrations in areas adjacent to the Rio Grande valley near Albuquerque. These relatively large concentrations may result from the change from agricultural land use to residential land use.
Recharge associated with agricultural land use is relatively oxidized because the water is in equilibrium with the atmosphere, whereas recharge associated with residential land use (onsite waste-disposal effluent) is relatively reduced and has larger concentrations of organic carbon, biological oxygen demand, and chemical oxygen demand. The constituents in the onsite waste-disposal effluent could cause reducing conditions in the aquifer and the subsequent dissolution of iron and manganese oxides.
Trace metals adsorbed to these iron and manganese oxides could be remobilized in ground water after dissolution of the oxides.
INTRODUCTION
Relatively rapid increases in population in the southwestern United States have resulted in increases in urban areas and increases in demand for ground water for public supply. Ground-water contamination has become a topic for public concern in the arid Southwest because of the limited supplies of surface and ground water.
The alluvial-basins ground-water region occupies a large area in the western and southwestern United States and is the driest region in the United States (Heath, 1984, p. 24) . The Albuquerque-Belen basin is representative of the alluvial-basins ground-water region defined by Heath (1984) .
The mean annual precipitation at the Albuquerque airport is 8.61 inches, although annual precipitation in the mountainous areas adjacent to the basin is as much as three times greater (Cabin and Lesperance, 1977) .
The basin-fill aquifer in the Albuquerque-Belen basin consists of interbedded gravel, sand, silt, and clay and is part of a complex streamaquifer system that has been extensively developed in parts of the basin for irrigation, domestic, and municipal water supply.
In order for State and local officials to make sound planning decisions related to the water resources in the basin, it is important to understand the effects of increased population and the effects of human activity on the hydrologic system and on ground-water chemistry.
This study is one of 14 studies that is part of the U.S. Geological Survey's Toxic Waste Ground-Water Contamination Program.
The national program is being conducted to develop methods that will help to assess the quality of the Nation's ground-water reserves and the nature and extent of the ground-water contamination problem (Helsel and Ragone, 1984) .
Purpose and Scope
This report presents the results of a reconnaissance study in the Albuquerque-Belen basin to provide information about the hydrologic system, land use, and ground-water chemistry, and to explain water chemistry in terms of local hydrology and human activities.
Included in the report are maps showing the delineation of areas where ground water has a relatively high or low susceptibility to contamination on the basis of hydrologic and land-use factors. Results presented in the report primarily are based on existing data compiled from the U.S. Geological Survey and the New Mexico Environmental Improvement Division. Methods
The hydrologic system and distribution of different water chemistries must be understood prior to analysis of the effects of human activities on water chemistry.
The Albuquerque-Belen basin is a large area (approximately 100 miles long by 25 to 40 miles wide).
The hydrologic system of the area is complex and has a considerable range in ground-water chemistry.
Therefore, the ground-water chemistry must be examined in the context of the hydrologic system prior to examining the variations in the context of human activities. For example, differences in hydrologic factors, such as type of recharge, can have significant effects on the distribution of water chemistry.
If a recharge type corresponds to a change in land use, the resulting water chemistry might be attributed to land use when the actual cause for the different chemistry is a difference in recharge type, not human activity.
Examination of the hydrologic system also can aid in delineating areas that have a relatively high or low susceptibility to ground-water contamination on the basis of hydrologic factors. Hydrologic factors that are useful in delineating areas of susceptibility to ground-water contamination in the Albuquerque-Belen basin may be transferable to similar areas in the alluvial-basins ground-water region as defined by Heath (1984) .
Hydrologic and land-use factors used to classify the susceptibility of the aquifer to contamination indicate that whereas much of the basin has a relatively low susceptibility, one area has a relatively high susceptibility to contamination.
This area, which is characterized by varied and changing land-use patterns, was studied more intensively.
The relation between land use and susceptibility to contamination may be transferable to other similar alluvial basins. Acknowledgments I would like to acknowledge the assistance I received from Joel Wooldridge of the City of Albuquerque Planning Department in obtaining landuse maps of the city of Albuquerque. Data obtained from and discussions with Bruce Gallaher, Dennis McQuillan, and Pat Longmire of the New Mexico Environmental Improvement Division have been most helpful and are greatly appreciated.
3
HYDROLOGIC SYSTEM
The following descriptions of the physiography and geology of the basin and adjacent areas are presented as an aid to understanding the processes that affect the hydrologic system. For a more detailed description of the geology, the reader is referred to Bryan and McCann (1937) , Wright (1946) , Lambert (1968) , and Kelley (1977) .
For a more detailed description of the hydrologic system, the reader is referred to Theis (1938) , Bjorklund and Maxwell (1961) , Titus (1961) , U.S. Army Corps of Engineers (1979) , Kelly (1982) , and Kernodle and Scott (1986) .
The Albuquerque-Belen basin is a structural basin that contains the through-flowing Rio Grande in central New Mexico (fig. 1) .
The basin is bounded on the east by the Sandia, Manzanita, Manzano, and Los Pinos Mountains ( fig. 1) , which have topographic relief of as much as 5,000 feet above the basin floor.
The mountains are fault-block mountains that generally consist of a Precambrian igneous and metamorphic core that is capped by eastwarddipping Paleozoic limestone, sandstone, evaporite deposits, and shale ( fig. 2) .
The Joyita Hills, Socorro basin, and Ladron Peak border the basin on the south ( fig. 1) .
The Joyita Hills have low topographic relief and consist of Paleozoic and Mesozoic evaporite deposits, sandstone, shale, and limestone.
The Socorro basin is the adjacent alluvial basin to the south. Ladron Peak has significant topographic relief and is composed of Precambrian igneous and metamorphic rock.
The western basin boundary consists of the Lucero uplift and the Rio Puerco fault zone ( fig. 1) .
The faults along the western boundary juxtapose Paleozoic limestone, sandstone, shale, and evaporite deposits with basin-fill deposits in the south and Mesozoic sandstone and shale with basin-fill deposits in the north ( fig. 2) . The Nacimiento uplift, Jemez volcanic complex, and Santo Domingo basin border the basin on the north ( fig. 1) .
The Nacimiento uplift consists of Precambrian igneous and metamorphic rock, Paleozoic limestone, sandstone, shale, and evaporite deposits, and Mesozoic sandstone and shale.
The Jemez volcanic complex, which has topographic relief of as much as 5,000 feet, consists of interbedded volcanic and volcaniclastic sediments. The Santo Domingo basin is the alluvial basin adjacent to the north.
The basin is drained by two main streams, the Rio Grande and the Rio Puerco ( fig. 1) .
The streams are entrenched 200 to 500 feet below a large pediment surface (Kelley, 1977) that extends from the base of the mountains along the eastern border of the basin to the Rio Grande (East Mesa) and between the Rio Grande and the Rio Puerco in a large part of the basin (West Mesa) ( fig. 1) .
The discharge of the Rio Grande is approximately 834,000 acre-feet per year at San Felipe and 669,000 acre-feet per year at San Acacia (Kernodle and Scott, 1986) (fig. 1) .
The Rio Puerco conveys approximately 35,900 acre-feet of water per year to the Rio Grande (Kernodle and Scott, 1986 ).
The Jemez River, which has its headwaters in and drains a large part of the Jemez volcanic complex, enters the basin near San Ysidro and joins the Rio Grande near Bernalillo ( fig. 1 ). The Jemez River conveys approximately 33,600 acre-feet of water per year to the Rio Grande (Kernodle and Scott, 1986) . The Rio Salado enters the basin in the southern part of the basin and joins the Rio Grande near the southern basin boundary ( fig. 1 ). The Rio Salado conveys approximately 9,060 acre-feet per year to the Rio Grande (Kernodle and Scott, 1986 ).
There are many ephemeral arroyos that enter the basin from adjacent areas.
Most of the arroyo channels are relatively wide and deep where the arroyos debouch onto the basin-fill deposits because of the relatively large volumes of water that flow in the arroyos after precipitation.
The large volumes of water are the result of runoff from the adjacent, relatively impermeable mountainous areas. Most arroyo channels are not continuous to the Rio Grande because the water rapidly infiltrates through the channel bed and recharges the ground-water system (Bjorklund and Maxwell, 1961, p. 49 ).
The basin-fill deposits in the Albuquerque-Belen basin are of late Oligocene to Holocene age (Hawley, 1978, p. 239 ) and consist of interbedded gravel, sand, silt, and clay.
Although the thickness varies considerably because of the large amount of faulting in the basin, the thickness of basinfill deposits in most of the basin is greater than 3,000 feet (Birch, 1982, p. 1,193) .
In most areas, it is not possible to correlate individual beds or lithologies between wells because of the lenticularity of the beds and the faulting that occurred during and after deposition of the deposits.
Basin-Fill Aquifer
The basin-fill deposits are the aquifer in the Albuquerque-Belen basin. Values of hydraulic conductivity used in a ground-water flow model of the basin ranged from 0.25 to 50.0 feet per day (Kernodle and Scott, 1986) . The aquifer properties have a considerable range of values because of the large variations in the lithology of the basin-fill deposits.
Clay layers have relatively small hydraulic conductivity, whereas cobble and gravel deposits have relatively large hydraulic conductivity.
Deposits that consist of interbedded gravel, sand, silt, and clay have intermediate hydraulic conductivity. The four main sources of recharge to the basin-fill aquifer are:
(1) Infiltration of surface water from arroyos along the basin margins; (2) infiltration of surface water from intermittent streams; (3) subsurface ground-water inflow; and (4) infiltration of water from the Rio Grande and from excess applied irrigation water ( fig. 3 ).
Direct infiltration of precipitation also is a minor source of recharge to the basin-fill aquifer.
The majority of the recharge to the basin-fill aquifer is from the infiltration of surface water from arroyos on the basin margins, also called mountain-front recharge. Kernodle and Scott (1986) reported that approximately 129,000 acre-feet per year of water is contributed to the ground-water system by mountain-front recharge. Runoff from precipitation on the relatively impermeable mountainous areas adjacent to the basin infiltrates through channel beds of the arroyos and recharges the basin-fill aquifer. This infiltration occurs in a short distance after the arroyo debouches into the basin as indicated by the decrease in the width of the arroyos after debouching into the basin and the relatively few arroyos that extend from the mountainous areas to the Rio Grande. Infiltration of surface water from intermittent streams such as the Rio Puerco, Jemez River, and Rio Salado is another major source of recharge in the basin. In general, these streams are perched for most of their reaches in the basin. Kernodle and Scott (1986) reported that annual recharge to the basinfill aquifer as a result of infiltration of surface water from the Rio Puerco is 10,700 acre-feet, from the Jemez River is 25,000 acre-feet, and from the Rio Salado is 13,500 acre-feet.
Subsurface ground-water inflow recharges the basin-fill aquifer along the northern and southern boundaries of the basin.
In the north, ground water flows into the basin from the Jemez volcanic complex and from the adjacent alluvial basin (Santo Domingo basin). Along the southwestern boundary in the Lucero uplift area, ground-water inflow occurs from adjacent Paleozoic and Mesozoic rocks.
Along the southeastern boundary, ground-water inflow occurs from the Paleozoic and Mesozoic rocks in the Joyita Hills.
Infiltration of excess applied irrigation water is another form of ground-water recharge in the Rio Grande valley and part of the Jemez River valley.
The major method of irrigation is flooding with surface water from irrigation canals.
Part of the applied water is used by crops and part infiltrates and recharges the basin-fill aquifer (excess applied irrigation water).
Infiltration from the Rio Grande and the irrigation canals also is included in this category of recharge. The volume of recharge resulting from infiltration of excess applied irrigation water is not possible to accurately estimate because of the complex hydrology in the Rio Grande valley.
Direct infiltration of precipitation is a minor source of recharge. Large areas of the basin are underlain by a very extensive caliche layer. It is thought that very little water infiltrates through this caliche (Jack Dewey, U.S. Geological Survey, oral commun., 1985) .
Some direct infiltration of precipitation probably occurs in areas where permeable deposits such as sand dunes, gravel layers, or volcanic rock are exposed at the surface, but this volume of recharge probably is small compared to the quantity of recharge from the other sources.
Discharge from the basin-fill aquifer is the result of three major processes:
(1) evapotranspiration, (2) ground-water outflow to the Socorro basin, and (3) ground-water pumpage ( fig. 3 ).
Evapotranspiration probably accounts for the largest amount of ground-water discharge. Kernodle and Scott (1986) estimated approximately 350,000 acre-feet of evapotranspiration occurs annually in the Albuquerque-Belen basin.
Most of the evapotranspiration occurs in the Rio Grande valley where the depth to water is shallow enough to permit growth of phreatophytes and where most of the irrigation occurs.
Subsurface ground-water flow to the adjacent alluvial basin (Socorro basin) also is a major form of ground-water discharge. The quantity of this discharge is not well known because the hydraulic gradients, cross-sectional area of ground-water flow, and hydraulic conductivity of basin-fill deposits are not well known.
In their ground-water flow model, Kernodle and Scott (1986) estimated that there is approximately 14,600 acre-feet per year of ground-water outflow to the Socorro basin.
Pumpage also is a major discharge from the basin-fill aquifer. Groundwater pumpage for domestic use in the Rio Grande valley probably has little effect on ground-water levels.
The volume of water removed from the aquifer probably is not large at any one location, and the water removed probably is replaced quickly by infiltration of excess applied irrigation water. Municipal pumpage near the major population centers does have a significant effect on ground-water levels (Kelly, 1982) .
Ground water generally is unconfined in the upper part of the aquifer. Ground water in the deeper parts of the aquifer is semiconfined or confined because of anisotropy in the aquifer (Kernodle and Scott, 1986 ). Kernodle and Scott (1986) used a vertical to horizontal hydraulic-conductivity ratio of 1:500 in their ground-water flow model of the basin.
The depth to water varies considerably in the basin. The depth to water in the Rio Grande valley and the Jemez River valley generally is less than 30 feet (pi. 1).
In many parts of the Rio Grande valley, the depth to water is less than 10 feet.
In areas on the East and West Mesas, the depth to water generally is greater than 300 feet; in some areas on the West Mesa, the depth to water is almost 900 feet.
The direction of ground-water flow generally is from the basin margins toward the basin center ( fig. 4) .
Ground water also flows southward toward the Socorro basin ( fig. 4) .
Ground water in the vicinity of the Jemez River flows southeastward approximately parallel to the Jemez River ( fig. 4 ). Titus (1961) described a ground-water trough west of the Rio Grande that extends from Belen to approximately the same latitude as Bernalillo ( fig. 4) .
However, the existence of this trough was based on few data. If the trough exists, ground water flows from the Rio Grande valley westward toward the trough.
Hydraulic gradients are steep along the western basin margin and relatively flat near the center of the basin (fig. 4) . Ground water along the eastern side of the basin is perched on a structural bench composed of Paleozoic and Mesozoic rocks that are covered with a veneer of basin-fill deposits.
In some areas along the bench, there is a difference in water levels of approximately 500 feet across a fault that separates the bench from a thick section of more permeable basin-fill deposits to the west.
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Modified from Kernodle and Scott, 1986 Influence of Humans on Ground-Water Flow
As mentioned in the previous section, humans have affected the groundwater flow system by adding recharge to the system with excess applied irrigation water and by increasing discharge from the system with municipal well pumpage.
The changes by irrigation are limited to the Rio Grande valley. The majority of the pumpage has taken place east of the Rio Grande in Albuquerque.
Prior to the construction of the irrigation system, ground water in the valley flowed parallel to the Rio Grande (Theis, 1938, p. 291) .
In some areas, there was little movement of ground water to the valley from the regional flow system (Theis, 1938, p. 291) .
In general, water levels in the valley were higher before construction of the irrigation system than after construction (Theis, 1938, p. 272 ).
The irrigation system consists of an extensive system of canals and drains ( fig. 5 ).
The canals deliver water from the Rio Grande to the irrigated fields.
The surface drains are designed to remove the excess applied irrigation water from the shallow ground-water system and return the water to the Rio Grande ( fig. 5 ) in order to prevent crop damage by waterlogging.
There also are riverside drains on both sides of the Rio Grande.
The altitude of the bottom of these drains generally is lower than the altitude of the Rio Grande so that water that infiltrates from the Rio Grande does not cause permanent rises in ground-water levels (and subsequent waterlogging of soils adjacent to the Rio Grande) but is intercepted by the riverside drains and returned to the Rio Grande downstream. Ground-water pumpage for municipal use also has modified the ground-water flow system in the basin. Kelly (1982, p. 354) reported that drawdowns in wells in the Albuquerque area in 1978 were as great as 130 feet. In general, water levels in Albuquerque east of the Rio Grande have declined approximately 40 feet (Kelly, 1982) . These water-level declines have reversed the direction of ground-water flow in the Albuquerque area.
Ground water presently (1985) flows from the Rio Grande valley eastward toward major well fields in the city.
Ground-water pumpage probably also has caused downward hydraulic gradients in the Albuquerque area because wells are screened relatively deep in the aquifer.
The present (1985) ground-water flow system in the Rio Grande valley is complex because of effects caused by the interaction of the irrigation system, the Rio Grande, pumpage by wells, and evapotranspiration.
It is not easy to predict the direction of ground-water flow in the shallow system because of the difficulty of estimating the location and magnitudes of recharge and discharge.
Hydrologic Factors Limiting the Susceptibility of the Ground-Water Flow System to Human Activities Hydrologic factors such as areal recharge and depth to water can be used to classify areas that are less susceptible to ground-water contamination from human activities.
If recharge does not occur in an area, the process to transport contaminants down through the unsaturated zone to the ground-water flow system does not exist. Areal recharge occurs as infiltration of surface water from arroyos along the basin margins, from rivers and intermittent streams, and from excess applied irrigation water.
Areal recharge does not occur in large areas of the basin, so the susceptibility of ground water to contamination is relatively low in these areas.
The time required for a contaminant to travel through the unsaturated zone is related to the thickness of the unsaturated zone (depth to water) and quantity of recharge.
A large depth to water and resulting long travel time for a contaminant would minimize the effect of some contaminants because of degradation and adsorption of the contaminants on deposits of the unsaturated zone.
Artificial recharge due to leaking storage tanks or waste-disposal pits could result in contamination of the ground water.
The quantity of contaminant required to cause contamination of ground water, assuming the contaminant is insoluble in water, is related to depth to water by the following equation (Freeze and Cherry, 1979, p. 446 For an assumed depth to water of 100 feet, a porosity of 0.3, and residual saturation of the contaminant of 0.2, from the above equation, the thickness of a contaminant required just to reach the ground water is 6 feet per unit area.
For a leaking waste-disposal pit 10 feet square it would require infiltration of approximately 4,500 gallons of contaminant just to reach residual saturation of the unsaturated zone.
If the contaminant is soluble in water, the quantity of contaminant is considerably less. However, recharge would have to coincide with the area of the pollutant to dissolve and transport it through the unsaturated zone.
Large areas of the Albuquerque-Belen basin and also of the arid southwestern United States have a relatively low susceptibility to groundwater contamination on the basis of recharge and depth to water. Areas in the basin where recharge occurs and the depth to water is less than 100 feet are delineated in figure 6 .
These are the areas that are more susceptible to contamination. Different land-use categories are delineated on the plates because of the degree of detail that can be shown at each map scale and because of the different sources of the maps. Some field checking of the maps was done, but in general there were few changes made.
Individual land-use categories will be explained in sufficient detail in the following paragraphs to provide a general understanding of each category.
Further explanation of land-use categories is contained in publications by the U.S. Department of Commerce (1965) and Anderson and others (1976 2). Urbanizing-residential land use varies from multifamily apartments to singlefamily homes on lots larger than 1 acre.
A large percentage of the urbanizing-residential category is near the towns and cities in the Rio Grande valley.
Agricultural and rural-residential land primarily is used for agriculture and also is in the Rio Grande valley.
Delineation between urbanizing-residential and agricultural and rural-residential land use is difficult because there is a complete spectrum between agricultural and residential land use.
Commercial and business areas predominantly are used for the sale of products and services.
These areas generally are adjacent to urbanizingresidential land use.
The special-use category includes major recreation sites, airports, institutional facilities, and military facilities.
Most of this land use is near Albuquerque.
The industrial, manufacturing, and warehousing land-use category includes a considerable array of land uses from heavy industry to storage facilities.
These areas generally are along major transportation routes and almost entirely are confined to the Albuquerque area.
Open space is the most extensive land-use category in the basin. Open space is a broad category that includes range land, Indian reservations, flood plains, and undeveloped parts of urban areas. Agricultural land use includes areas where agricultural practices predominate, although some rural homesites are included in this category. Agricultural areas range in size from a few acres to a few hundred acres. Commercial land use consists of areas predominantly used for the sale of products and services, including shopping centers, restaurants, gasoline stations, laundries, business services, and professional services.
Light industry consists of wholesale, warehouse, and open storage facilities. This category includes junk yards, lumber yards, tank farms, and establishments that sell mechandise to retailers.
Heavy industry generally includes businesses that use raw materials to manufacture products, although railroad yards are included in this category.
Institutional land includes schools, religious facilities, government facilities, medical facilities, and cultural facilities such as art galleries, libraries, and community centers. The open-space and parks land-use categories include major parks, golf courses, and playing fields.
Single-family residential includes mobile homes that are not in courts, whereas multifamily residential includes mobile home courts.
In order to summarize the potential effect on ground-water chemistry associated with different land uses, the various land-use categories on plates 2 and 3 were combined into five more general categories:
Agricultural and rural residential, commercial and institutional, industrial, urbanizingresidential and residential, and open space.
These categories are based on similarities in potential contaminants.
Agricultural and rural-residential land use is limited to the Rio Grande valley and the Jemez River valley.
Potential contaminants associated with this land use are fertilizers and organic compounds used for weed and pest control.
Infiltration of effluent from onsite waste-disposal systems also could be a possible contaminant.
The density of homes in this land-use category is low; thus, this source of contamination would have a minimal effect on ground-water chemistry.
Infiltration of excess applied irrigation water also could have an effect on the shallow ground-water chemistry.
Commercial and institutional land use is restricted to the Rio Grande valley and Albuquerque area.
Infiltration of storm runoff from paved areas, infiltration of waste products from laundry facilities, and infiltration of gasoline from leaking gasoline storage tanks are the major potential sources of contamination.
Industry generally is restricted to the Albuquerque area. Possible contaminants associated with industry are organic solvents, petroleum products, or other by-products of manufacturing processes.
The specific contaminants would be dependent on the type of industry.
Urbanizing residential and residential land use generally is in the Rio Grande valley and in the Albuquerque area.
Potential contaminants include fertilizers and organic chemicals used on lawns and gardens, which could infiltrate and reach the water table.
In addition, in some areas in the valley near Albuquerque, a municipal sewage system is not available or residences are not connected to the system. In these areas, the residences have onsite domestic waste-disposal systems (septic tanks or cesspools).
The composition of effluent from onsite waste-disposal systems varies but generally has increased concentrations of chloride, sodium, bicarbonate, nitrogen, phosphorous, chemical oxygen demand (COD), biological oxygen demand (BOD), and total organic carbon (TOG) relative to the supply water (Metcalf and Eddy, Inc., 1972, p. 231) .
Increases can range from 250 to 1,000 milligrams per liter for COD, 100 to 300 milligrams per liter for BOD, and 100 to 300 milligrams per liter for TOG (Metcalf and Eddy, Inc., 1972, p. 231) . The loading of these contaminants on the ground-water system from recharge of onsite waste-disposal system effluent varies because of the large variation in density of individual disposal systems.
For example, assuming that all wastewater recharges the aquifer, that there are four houses per acre, that 250 milligrams per liter is the average TOG concentration in wastewater, and that there are 500 gallons of wastewater per day per house, the TOG loading on ground water would be 1,523 pounds per acre per year.
Ground water in areas corresponding to open-space land use, which occupies the majority of the basin, primarily is used for grazing livestock. The land will not support large numbers of livestock per acre, so the density of livestock is low.
Potential contaminants include nitrate and coliform bacteria.
On the basis of the preceding descriptions, land-use categories were used to divide the basin into areas where ground water has a relatively low or high susceptibility to contamination from human activities. Areas corresponding to open-space land use were classified as having a relatively low susceptibility to ground-water contamination. All other land uses were classified as having a relatively high susceptibility to ground-water contamination ( fig. 7) . 
GROUND-WATER CHEMISTRY
The ground-water chemistry in the Albuquerque-Belen basin was examined on a regional scale and on a local scale. The ground-water chemistry was studied on a regional scale even though hydrologic and land-use factors indicate that ground water in a majority of the basin has a relatively low susceptibility to contamination resulting from human activities.
Natural or regional waterchemistry variations need to be understood before the effects of human activities on ground-water chemistry can be analyzed.
The Rio Grande valley near Albuquerque was studied on a local scale because ground water in the area has a relatively high susceptibility to contamination from human activities. Results of the regional-scale ground-water-chemistry investigation indicate that in a majority of the basin there are no ground-water-quality anomalies that can be attributed to human activities.
There is a relatively large water-quality data base for the area so substantial time and large amounts of money were not needed for data collection. The area is similar to other areas in the alluvial-basins ground-water region where population is increasing and there is varied and changing land use.
Three different data sets were used in the analysis. The data set used for the entire basin consisted of U.S. Geological Survey data from the WATSTORE system.
Another data set consisted of U.S. Geological Survey data from the WATSTORE system for the Rio Grande valley near Albuquerque. Data were compiled from the New Mexico State Environmental Improvement Division to create an additional data set for the Rio Grande valley.
Data in some areas were so extensive that deletion of some of the data was necessary.
In these areas, data were examined and representative chemical analyses were selected.
Regional Ground-Water Chemistry
Water types have been identified in the Albuquerque-Belen basin regionalscale investigation on the basis of the dominant dissolved anions and cations. The different water types were chosen with the aid of Piper diagrams (Piper, 1944) and are based on the concept of hydrochemical facies as described by Back (1961) . Seven water types were selected on the basis of the distribution of cations, and seven water types were selected on the basis of the distribution of anions ( fig. 8 ).
The basin was divided into seven water-chemistry zones on the basis of water types ( fig. 9 ).
Some zones have two different water types, and it is not possible to subdivide these zones into zones with a single water type. Not every water analysis from a particular zone belongs in the water type for that zone, but the majority of the analyses do.
Small areas with a different water type may exist within a designated zone, but it was not possible to delineate all the water types in the regional analysis.
For ease of discussion, the water-chemistry zones are referred to by the numbers shown in figure 9 . fig. 9) , is a calcium bicarbonate type.
The specific conductance generally is less than 500 microsietnens per centimeter at 25 °Celsius except near the Rio Grande where evapotranspiration occurs in the river valley. Mountain-front recharge derived from Precambrian and Paleozoic rocks along the eastern side of the basin is the major factor affecting ground-water chemistry in this area.
Ground water in zone 2, east of the Rio Grande in the southern part of the basin, is a magnesium calcium sodium sulfate type.
The specific conductance generally is greater than 1,000 microsiemens per centimeter ( fig. 9) .
Mountain-front recharge derived from Paleozoic and Mesozoic rocks is the major factor affecting ground-water chemistry in the area. The large specific conductance in this area in comparison to zone 1 is caused by the difference in the composition of mountain-front recharge.
Ground water in the southwestern part of the basin, zone 3, is of two types, sodium sulfate and calcium sodium sulfate chloride ( fig. 9) . The specific conductance generally is greater than 2,500 microsiemens per centimeter. The ground-water chemistry in this area is affected by inflow of ground water from adjacent bedrock units and from mountain-front recharge. This inflow is indicated by the presence of springs along the basin boundary that discharge sodium chloride water that has a specific conductance of approximately 35,000 microsiemens per centimeter.
The area with specific conductance of less than 2,500 microsiemens per centimeter in the southwestern corner is affected by mountain-front recharge from the Precambrian rock of Ladron Peak.
Ground water in zone 4, between the Rio Grande and zone 3, is a sodium bicarbonate sulfate type ( fig. 9 ). The specific conductance generally is less than 500 microsiemens.
Ground water in this area probably represents water that has flowed westward from zone 1. The change in water type between zone 1 and zone 4 probably is the result of cation exchange and some gypsum dissolution.
Ground water west of Albuquerque, zone 5, is a sodium bicarbonate type. The specific conductance generally is less than 500 microsiemens per centimeter ( fig. 9 ).
Ground water in this zone is affected by cation exchange. Specific-conductance increases near the Rio Grande in this zone and in zone 4 probably are due to the effect of excess applied irrigation water.
Ground water in zone 6, in the northwestern part of the basin, is a sodium sulfate type.
The specific conductance of ground water varies from less than 500 to more than 2,500 microsiemens per centimeter ( fig. 9 ). Ground water in this zone probably is affected by inflow of ground water from Mesozoic rock west of the basin.
Hydraulic gradients indicate that flow is from west to east in this zone (fig. 4) .
Ground water in the northern part of the basin, zone 7, is of two types, calcium sodium bicarbonate and calcium sodium sulfate chloride ( fig. 9 ). There is a large range in specific conductance in ground water in this area, but the specific conductance generally is less than 1,000 microsiemens per centimeter. Ground water probably is affected by inflow of ground water from the Jemez volcanic complex and the Santo Domingo basin, as indicated by water levels in the area (Titus, 1961; and Craigg, 1984) .
Dissolved
trace-element concentrations in ground water also were examined.
The density of data and number of elements analyzed were variable.
Examination of the data indicates areal trends for boron and iron concentrations.
The largest boron concentrations are along the southwestern side of the basin and in the northern part of the basin (pi. 2).
The large boron concentrations in the southwest are caused by inflow of ground water with large boron concentrations from adjacent bedrock units west of the basin boundary (pi. 2, fig. 4 ). The large boron concentrations in the northern part of the basin probably reflect inflow from the Jemez volcanic complex or the Jemez geothermal reservoir.
The three analyses from the Jemez area north of the basin boundary have a considerable range of boron concentrations, but one sample has a boron concentration of 3,300 micrograms per liter (pi. 2).
In addition, the potentiometric-surface map indicates that ground-water flow is from the Jemez area southward into the basin (fig. 4 ).
Ground water from several areas along the southwestern side of the basin has iron concentrations greater than 100 micrograms per liter (pi. 2). Areas with iron concentrations greater than 100 micrograms per liter generally are close to the basin boundary, indicating that this water may be representative of ground water entering the basin (subsurface inflow).
The dissolved-iron concentrations also may be caused by natural conditions in the aquifer that result in large solubilities of iron.
Ground water from several wells in the northern part of the basin also has large iron concentrations (pi. 2).
These large iron concentrations probably are due to inflow from the Jemez volcanic complex or the Jemez geothermal reservoir, as indicated by the large iron concentrations in water north of the Jemez River (pi. 2).
Iron concentrations are relatively large in the Rio Grande valley, especially in the Albuquerque area (pi. 2). The large iron concentrations are in areas of the Rio Grande valley where land uses are varied.
Water from wells in the Rio Grande valley where land use is less varied (mainly agricultural and rural residential or open space) generally does not have iron 24 concentrations greater than 100 micrograms per liter.
Iron concentrations in ground water east and west of the Rio Grande valley near Albuquerque generally are less than 70 micrograms per liter, whereas iron concentrations in ground water in the Rio Grande valley generally are greater than 100 micrograms per liter (pi. 2). Several factors could result in the larger iron concentrations in ground water in the Rio Grande valley.
More carbonaceous material in sediments in the Rio Grande valley in comparison to the areas adjacent to the valley could result in more reducing conditions in the valley.
The more reducing conditions could result in greater solubilities for iron. The large dissolved-iron concentrations also may be the result of human activities in the valley.
Ground-Water Chemistry in the Rio Grande Valley near Albuquerque
The Rio Grande valley near Albuquerque study area ( fig. 10) is bounded on the east and west by the upland areas adjacent to the Rio Grande valley, on the north by Ranchitos Road, and on the south by Interstate 25. The north and south boundaries were chosen solely on the basis of the availability of data.
Piper diagrams of the water-quality data indicate that the water generally is a calcium bicarbonate or calcium sodium bicarbonate sulfate type (figs. 11 and 12).
The distributions of points on the Piper diagrams are similar, indicating that the data are not significantly different with respect to the major dissolved constituents. The mean composition of Rio Grande water at Isleta, which is approximately 12 miles south of Albuquerque, for September 1969 to August 1982 is similar in composition to ground water in the area (figs. 11 and 12).
The mean specific conductance of ground water is 710 microsiemens per centimeter in the Geological Survey data set and 538 microsiemens per centimeter in the Environmental Improvement Division data set.
The mean specific conductance of the Rio Grande water at Isleta for September 1969 to August 1982 is 463 microsiemens per centimeter, indicating the ground water generally has a larger specific conductance than water in the Rio Grande. Spearman correlation analysis was performed on selected dissolved-ion concentrations to examine the relation among the dissolved constituents for both data sets.
Spearman correlation coefficients were greater than 0.5 for iron and manganese, selenium and boron, arsenic and boron, and arsenic and nitrate for the data set (table 1) .
Only six analyses were used in the calculation of the correlation coefficients for boron and selenium and boron and arsenic, and only four analyses were used in the calculation for nitrate and arsenic.
There was a -0.50270 correlation coefficient for iron and nitrate in the Survey data set.
Spearman correlation coefficients were greater than 0.5 for selenium and manganese, selenium and iron, and selenium and zinc for the Environmental Improvement Division data set (table 1) .
In general, the correlation coefficients for the selected constituents were small, except for iron and manganese in the Survey data set. Thermodynamic constraints indicate that these two elements probably will correlate well because they both exist in soluble forms at a similar Eh (Hem, 1977) .
The differences in the correlation coefficients for specific ions in the two data sets may be the result of the different sampling and analytical procedures used. The west-central part of the area has nitrate concentrations greater than 1.0 milligram per liter.
Another small area in the southeastern part of the area has nitrate concentrations greater than 1.0 milligram per liter; one sample has 150 milligrams per liter of nitrate (pi. 3).
Ground-water contamination has been documented in several areas of the Rio Grande valley near Albuquerque (McQuillan, 1982 and 1984) , and a U.S. Environmental Protection Agency contractor presently (1985) is studying organic contamination of ground water in the San Jose area ( fig. 13, pi. 3) . Classes of organic compounds detected in ground water include volatiles, acids, ethers, ketones, aliphatic hydrocarbons, and polycyclic compounds (McQuillan, 1982, p. 258) .
One municipal-supply well was removed from production because of the large concentrations of organic compounds in water from the well.
McQuillan (1982, p. 359) suggested that multiple sources are responsible for this ground-water contamination.
The Environmental Improvement Division detected gasoline floating on ground water in several areas in the Rio Grande valley near Albuquerque (McQuillan, 1984) . The Environmental Improvement Division is presently (1985) studying these areas and collecting other samples at areas where gasoline contamination is suspected. 
PRELIMINARY EVALUATION OF RELATION BETWEEN LAND USE AND GROUND-WATER CHEMISTRY
Recharge to the ground-water system needs to coincide with a particular land use for the ground-water chemistry to be affected by that land use. In a large part of the Albuquerque-Belen basin, the depth to water is greater than 100 feet, and there is virtually no natural recharge.
In these areas, there is not any natural mechanism for land use to have an effect on ground-water chemistry.
Unnatural recharge to the regional ground-water system as the result of leakage from storage tanks or infiltration from storage or waste pits possibly could affect ground-water chemistry in these areas, although large volumes of recharge and a significant amount of time would be necessary before ground-water chemistry is affected.
Ground water in areas corresponding to open-space land use, which occupies a majority of the basin, also has a relatively low susceptibility to effects from land use.
Livestock grazing is the major activity on land classified as open space and the density of livestock is low, so effects on ground-water chemistry from this land use are expected to be minimal.
Human activities are expected to have a greater effect on ground-water chemistry in the Rio Grande valley on the basis of hydrologic and land-use factors. The depth to water generally is less than 30 feet in the Rio Grande valley.
Recharge to the ground-water system occurs as the result of infiltration of excess applied irrigation water.
Infiltration of effluent from onsite waste-disposal systems also could recharge the system. There is a variety of types of land use in the Rio Grande valley, and many of the land uses could have effects on ground-water chemistry.
Agricultural land use probably affects the ground-water chemistry in the Rio Grande valley because of the large amount of evapotranspiration that occurs.
Assuming an irrigation efficiency of 50 percent and an average specific conductance of irrigation water of 463 microsiemens per centimeter, the specific conductance of excess applied irrigation water would be 926 microsiemens per centimeter. The specific conductance of this recharge and of ground water in the Rio Grande valley generally is larger than in areas adjacent to the valley ( fig. 9) .
This difference may indicate that agricultural land use has affected ground-water chemistry. Although fertilizers and organic compounds used for weed and pest control also might be expected to affect ground-water chemistry in the valley, presently (1985) few or no organic-compound analyses exist in agricultural land-use areas to document this-possibility.
Urbanization in the Rio Grande valley has resulted in a change in land use from agricultural to residential; the change in land use has resulted in a change in the chemical composition of recharge water.
Recharge associated with agricultural land use is surface water that has had dissolved constituents concentrated by evaporation.
This water is relatively oxidized or contains dissolved oxygen because the water is initially in equilibrium with oxygen in the atmosphere. In some areas in the valley, a municipal sewer system is not available or houses are not connected to the system. In these areas, residents have onsite waste-disposal systems.
The major form of recharge associated with residential land use is infiltration of water from onsite waste-disposal systems. This recharge contains TOC, BOD, and COD. Loading of the ground-water system with significant TOC, BOD, and COD occurs in areas that have a relatively high density of onsite waste-disposal systems. The loadings of carbon and oxygen demand in the ground-water system could result in reducing conditions in the aquifer.
Iron and manganese are relatively insoluble in oxidizing conditions, but are soluble in reducing conditions (Hem and Cropper, 1959) . Furthermore, trace metals are adsorbed on iron and manganese oxides, and dissolution of these oxides can result in increases of dissolved trace-element concentrations (Suarez and Langmuir, 1976; and Hem, 1977) .
The relatively large dissolved-iron concentrations in ground water in the Rio Grande valley near Albuquerque (pi. 3) could be the result of the change in land use from agricultural to residential.
Iron in the aquifer or unsaturated zone is expected to be oxidized or relatively insoluble in agricultural areas because of infiltration of oxidized water.
Iron is expected to be reduced or soluble in unsewered residential areas because of the inflow of septic-tank effluent.
The degree to which ground water in an unsewered residential area is affected by septic-tank effluent depends on the quantity of effluent, composition of the effluent, length of time effluent has recharged the aquifer, mineralogy of the aquifer, flow rate in the aquifer, and density of septic tanks.
The random distribution and considerable range of dissolved-iron and dissolved-manganese concentrations in the Rio Grande valley probably are due to the interaction of these factors. If the change in land use has resulted in the large iron concentrations in the Rio Grande valley, the same process could be occurring throughout the Southwest alluvialbasins ground-water region because of the increasing urbanization that is occurring in the region.
Ground-water contamination as the result of industrial land use has been documented in the San Jose area in the Rio Grande valley near Albuquerque ( fig. 13, pi. 3) (McQuillan, 1982) . Other areas of organic contamination that coincide with industrial land use also may exist in the valley. Presently (1985) few organic analyses of ground water from the valley exist; the Environmental Improvement Division currently (1985) is collecting such data.
Institutional or commercial land use is not expected to affect groundwater chemistry with the possible exceptions of infiltration of storm runoff, infiltration of waste products from laundry facilities, or infiltration of gasoline from leaking storage tanks. Leaking storage tanks have been found in several areas of the Rio Grande valley near Albuquerque.
In these areas, commercial land use coincides with this contamination.
SUMMARY
In 1984, the U.S. Geological Survey began regional assessments of groundwater contamination in 14 areas, one of which was the Albuquerque-Belen basin.
The purpose of this reconnaissance study is to provide information about hydrology, land use, ground-water chemistry, and the effects of land use on ground-water chemistry in the basin.
Ground-water recharge occurs along the basin margins. Ground water flows from the basin margins toward the basin axis and then southward. Ground-water discharge occurs as evapotranspiration in the Rio Grande valley, pumpage, and ground-water flow to the Socorro basin, the alluvial basin to the south.
Maps delineating land use were prepared for the entire basin and for the Rio Grande valley near Albuquerque.
Ground water in the majority of the Albuquerque-Belen basin has a relatively low susceptibility to ground-water contamination on the basis of hydrologic and land-use factors.
Ground water in the Rio Grande valley has a relatively high susceptibility to ground-water contamination.
Dissolved-iron concentrations in water in the Rio Grande valley near Albuquerque are greater than dissolved-iron concentrations in areas adjacent to the valley.
These relatively large dissolved-iron concentrations may be due to the change from agricultural land use to residential land use. This change results in a change in the chemical composition of recharge to the ground-water system.
Recharge associated with agricultural land use is relatively oxidized because the water is in equilibrium with the atmosphere. Recharge associated with residential land use (onsite waste-disposal effluent) is relatively reduced and contains organic carbon, biological oxygen demand, and chemical oxygen demand.
The constituents in the onsite waste-disposal effluent cause reducing conditions in the aquifer and dissolution of iron and manganese oxides.
Trace elements adsorbed to iron and manganese oxides could be remobilized in ground water after dissolution of the oxides. If the change in land use has caused the relatively large dissolved-iron concentrations, the process could be occurring in many areas of the southwestern United States.
